Marine habitat function has been typically investigated in terms of biogeochemical regulation but rarely in terms of population renewal, which is mainly controlled by recruitment dynamics. The recruitment phase is crucial for organisms with a bentho-pelagic life cycle, such as bivalves, and it regulates the population renewal success. This study provides new insight on the role of temperate benthic habitats on bivalve recruitment, as a function of nursery areas. Six dominant benthic habitats of the Chausey archipelago (Normandy, France) were studied. In each habitat, bivalve recruit assemblages were described at the end of two reproductive seasons. Furthermore, Ostrea edulis juveniles were immerged on each habitat during two months to compare growth performances and feeding status, estimated by fatty acid composition. Recruit assemblages differ from each habitat according to sediment grain-size composition and bathymetrical levels. Subtidal habitats, and especially Crepidula fornicata banks and Glycymeris glycymeris coarse sands, supported the highest species abundance and richness of recruits. All O. edulis juveniles fed on the same trophic resources but digestive glands of juveniles from C. fornicata banks were more concentrated in total fatty acids than those from subtidal G. glycymeris coarse sands and maerl banks. Our results depict the key role of subtidal and structured habitats, composed of ecosystem engineers, in enhancing bivalve recruitment and extending the bivalve population renewal. This study suggests that the crucial role of these habitats as bivalve nurseries must be integrated in management perspectives.
Introduction
The marine seafloor is comprised of 70% soft sediment areas, including a large diversity of benthic habitats (Snelgrove 1999) , which ensure multiple functions at the base of the ecosystem goods and services (De Groot et al. 2010; Haines-Young et Potschin 2010) . A habitat, as strictly defined by Begon et al. (1996) , is a place where an organism (microorganisms, plants, animals) lives. However, the most widely used definition is a spatially defined area, where the physical, chemical, or biological environment is distinctly different from those surrounding it (Kostylev et al. 2001) . This implies that spatial boundaries coincide with environmental preferences or survival of an organism or a group of organisms that share the same habitat. In Europe, major habitats are defined and surveyed according to the EUNIS (European Union Nature Information System) habitat classification (Davies et al. 2004 ), providing a comprehensive typology based on hierarchical levels, for which the first concerns "Marine habitats" (EUNIS habitat type hierarchical view http://eunis.eea.europa.eu/habitats-code-browser.jsp). With the exception of the pelagic water column and ice-associated marine habitats, all habitat classifications are benthic.
Among these habitat types, several are defined by ecosystem engineer species. These species, as defined by Jones et al. (1994) are"organisms that modulate resource availability for other species through their abiotic or biotic material, leading to the maintenance or creation of new habitats". The engineering effects of structuring species, in addition to their direct impact on resources, positively and negatively affect abundance and species richness at small scales, leading to the emergence of particular habitat functions (Jones et al. 1994; Jones et al. 1997 ).
According to De Groot et al. (2002) the ecosystem or habitat "function" is "the capacity of natural processes and components to provide goods and services that satisfy human needs, directly or indirectly". To propose effective biodiversity conservation policies, Liquete et al.
(2013) reviewed ecosystem services associated with marine and coastal environments. Due to the initial influence of comparable terrestrial studies (i.e. Bardgett et van der Putten 2014), benthic habitat functions were often investigated solely in terms of energy and matter fluxes.
In addition to such physicochemical properties/roles/functions, benthic habitats have ecological functions, such as providing shelter from prey, nursery habitat, and feeding areas, depending on species composition and abundances (Eyre et al. 2011; Snelgrove 1999; Thrush et Dayton 2002) . Moreover, these ecological functions can be enhanced when habitats interact (Srivastava2006).The"reproductionandnurseryarea"habitat function was almost exclusively assessed for fisheries (Seitz et al. 2013) . This function, defined as "the provision of the appropriate environmental conditions for reproduction and growing during the ACCEPTED MANUSCRIPT
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4 early stages of marine species" (Salomidi et al. 2012) , is essential for the renewal of dominant populations.
In temperate marine systems, a large majority of marine invertebrates, such as bivalves, have a bentho-pelagic life cycle with a long pelagic phase represented by a large number of planktonotrophic larvae (Thorson 1950) . Renewal of bivalve populations is thus mainly due to the recruitment success, i.e. the settlement-metamorphosis, and the subsequent juvenile survival in the benthic compartment. During this critical life stage, the loss ratio between invertebrate larvae and adult stage is generally over 97% (Pedersen et al. 2008) . Recruit assemblages observed in a benthic habitat result from pre-and post-settlement processes that condition the presence or absence of organisms. Pre-settlement processes act on the larval pool from fecundation to metamorphosis, and post-settlement processes control postlarval and juvenile stages. Such processes are under the influence of many abiotic factors, including water physicochemical parameters and hydrodynamic disturbances, as well as biotic factors, such as food availability, biological interactions, and species behavior (Hunt et Scheibling 1997; Pechenik 1999; Pineda et al. 2009) . It is well known that specific benthic boundary flows can cause sediment resuspension and subsequent drifting of benthic organisms in the water column, which may have important consequences on population dynamics (Olivier et al. 1996; Olivier et Retière 1998) . Recent studies have emphasized the crucial role of trophic resources (quality and quantity) in the recruitment success. For example, the bivalve diets at each development stage may affect the genitor gonadic development, the larval survival and growth, and even the trigger of their settlement (González-Araya et al. 2011; González-Araya et al. 2012; Jolivet et al. 2016; Toupoint et al. 2012) . Stresses that affect early life cycle stages are sources of latent-effects, inducing within-species variations of juveniles and adults' survival and reproduction (Pechenik 2006) .
Recently, St-Onge et al. (2015) showed that, at a reproductive season scale, bivalve larvae in a kin aggregated larval pool issued from multi-spawning events do not have the same recruitment survival success and the first produced larvae will mainly regulate the final recruitment composition. It seems thus crucial to understand accurately all factors insuring minimum recruitment to keep bivalve population sustainable.
Bivalves constitute a major component of benthic habitat as they often dominate the biomass of soft-bottom sediments (Peterson 1977) and have key functions (Gosling 2003) , including bioturbation and primary consumers, affecting their surrounding environment. The persistence of bivalve populations can provide numerous ecosystem services that include provision, regulating and maintenance services (Katsanevakis et al. 2014; Liquete et al. 2013 ). Moreover, bivalves are an important economic resource, as shellfish farming areas,
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The aim of this study is to provide new insights on the renewal of wild bivalve populations within a temperate coastal megatidal system, and in particular, with regards to the "reproductive and nursery area" habitat function across several benthic habitats (Table 1) .
We analyzed this function during two main phases of the bivalve recruitment: 1) at the end of a reproductive season by determining the natural bivalve recruit assemblages and 2) during the development of Ostrea edulis juveniles, by estimating their growth performances and feeding status.
Materials and methods

Study site
The present study focuses on six main benthic habitats of the archipelago (Table 1) as defined by their surface area and ecological significance. (Godet et al. 2008a; Boström et al. 2014 ). This marine plant beds can also be considered as key ecosystem engineer (Jones et al. 1994 , but see also Passarelli et al. 2014 ). Subtidal maerl (Corallinophycidae, Rhodophyta) beds (M) (maerl beds on infralittoral A C C E P T E D M A N U S C R I P T (Blanchard 1997) . Sampling and experiment sites of this study were carefully chosen according to previous studies conducted in the Chausey archipelago, allowing us to select the most adequate sites for each benthic habitat (Fournier et al. 2014; Godet 2008; Godet et al. 2008a; Godet et al. 2008b; Godet et al. 2009; Godet et al. 2011; Perez et al. 2013; Toupoint et al. 2008 (Fig. 1a) , three sites per habitat were sampled using a Smith-McIntyre 
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Biometry and fatty acid analyses of recruits
Shell morphology (length, width, thickness in mm) was recorded, as well as shell (g) and soft tissues (mg) dry weight, on 10 reared juvenile oysters after acclimation (i.e. before deployment; control) and 24 juveniles collected from each experimental batch after experimentation (24 oysters x 3 sites x 5 habitats). Shell length, width and thickness, defined as the longest dimension along the hinge-margin, antero-posterior and the two valves axis, respectively, were measured with a digital caliper (0.01 mm accuracy). Tissues and shells for dry weight measurements were freeze-dried for 24h and weighed on a precision balance. 
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The matrix of bivalve species abundances (individuals m -2
) and FA relative abundances (%) from all samples, were used to create two triangular matrix based on Bray-Curtis similarity index which were used to generate n-MDS plots (Legendre et Legendre 1998). Assumptions of homoscedasticity were verified with PERMDISP tests. A 2-way PERMANOVA was then performed to test potential effects of benthic habitats, years and their interaction on bivalve recruits. Differences in the relative abundance of FAs between habitats were tested using a 1-way PERMANOVA. Similarity percentages (SIMPER) analyses were performed on bivalve species abundance and FAs relative abundance to determine similarity index within habitats and to identify which FA contributed the most to differences between groups (Clarke et Gorley 2006). Those analyses were performed with PRIMER-E v6 software (Anderson et al. 2008 ).
The species covariance between benthic habitats was analyzed using a factorial correspondence analysis (FCA). To estimate the proportion of variance in bivalve species assemblages by sedimentary textures of benthic habitats, a redundancy analysis (RDA) was performed (Legendre et Legendre 1998). The statistical significance of the relationship between bivalve species and sedimentary variables was evaluated using a permutation test (9999 permutations). Differences in mean total abundances, specific richness, rare species abundances, as well as mean concentrations, sums and ratios of FAs (selected from multivariate analysis), biometric data and isotopic ratios in each habitat were tested using a 1-way ANOVA followed by a Tukey's HSD post-hoc test. Box-Cox transformations of FA concentrations values were performed prior the analyses in order to achieve normality (Shapiro-Wilk test). In case of non-normality or heteroscedasticity (Bartlett test) of data (raw and transformed), both tested on residues arising from 1-way ANOVA, a Kruskal-Wallis test was performed and a posteriori comparisons made using a Mann-Whitney test. Latest tests were achieved on R software.
The condition index (CI) of each Ostrea edulis juvenile was determined as a ratio between dried meat weight and the sum of cooked meat weight and shell weight according to Davenport and Chen (1987) . The daily growth rate (GR; mm j -1
) was calculated as a ratio between shell length and number of experiment days. Both CI and GR were calculated using biometric parameters measured on O. edulis juvenile after 2 months of immersion. 
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Assemblages of bivalve recruits at the end of the reproductive season
From a pool of 16 bivalve species collected in the studied habitats, only five of them were dominant (≥ 5% of total cumulative abundances, all species pooled; by decreasing abundance): Nucula sp., Parvicardium scabrum, Goodalia triangularis, Lucinoma borealis and Timoclea ovata, whereas the remaining species were rare (< 5% of total cumulative abundances, all species pooled; by decreasing abundance): Glycymeris glycymeris, Abra beds, Crepidula fornicata banks, maerl beds and subtidal coarse sands, respectively. In contrast, no exclusive species were found in Lanice and the intertidal coarse sands habitats (Table A1 ).
The assemblage structure of bivalve recruits significantly differs between habitats (PERMANOVA, p = 0.001), with no significant differences between years and without interactions between both factors (p > 0.05, Table 2 ). Pairwise comparisons tests reveal only significant differences between intertidal and subtidal assemblages (p < 0.05). Moreover, the recruit assemblages differed significantly between Zostera marina beds and both intertidal coarse sands and Lanice habitats (p = 0.041 and p = 0.032, respectively), which were similar (p > 0.05). Therefore, if there is no effect of the sampling year and the interaction between year and habitat on bivalve assemblage, further analyzes were performed by grouping samples from the two years as replicates (6 per habitat). 
Sources of variation
The n-MDS results showed a clear distinction between sub-and intertidal habitats (Fig. 2 ).
The intra-group similarity index was higher in Zostera marina, Crepidula fornicata and maerl beds (50.6%, 44.1% and 42.9%, respectively) in comparison to sub-and intertidal coarse sands and Lanice beds (26.5%, 20.2% and 14.7%, respectively) (Fig. 2) . Covariance results showed that the first three axes explained 56.6% of total variance. Axis 1 (24.4% of the total inertia) distinguishes principally inter-and subtidal habitats with the abundance of Lucinoma borealis, Loripes lucinalis and Abra tenuis contributing to 49.0%, 16.6% and 15.2% of the axis 1 total inertia, respectively (Fig. A1 ). Axis 2 (20.2% of the total inertia) discriminates sites mostly dominated by Goodalia triangularis, Nucula sp. and
Glycymeris glycymeris, which explained 51.6%, 29.3% and 8.5% of the axis 2 total inertia, respectively (Fig. A1) .
RDA results showed that the first two axes explain 72% of the variance of constrained data (Fig. 3) . Axis 1 is correlated with gravelly sand (17.8%), muddy sands (15.8%), sand (28.8%)
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and sandy gravel (23.8%), whereas axis 2 is correlated with sandy mud (61.4%) (Fig. 3) .
Only sandy gravel, gravelly sand and muddy sand had significant influence (p < 0.05) with 60% of the total explained inertia. ind.m -2 in the slipper-limpet habitat. The recruitment was significantly higher in areas colonized by Crepidula fornicata and in subtidal coarse sands than in the Lanice habitat and of the intertidal coarse sands (p < 0.05) (Fig. 4a) . In general, the recruitment was inferior in intertidal vs subtidal habitats (p < 0.002). Abundances of individuals of rare species were significantly higher in subtidal coarse sands (p < 0.01) than in the other benthic habitats, with the exception of Zostera marina (Fig. 4b) . Species richness (SR) differed strongly between 
Growth performances and feeding status of Ostrea edulis juveniles
Mean length (27.64  0.5 mm) and thickness (4.97  0.1 mm) of oyster recruits did not differ between habitat treatment (p > 0.05 for both). Also, dry shell (1.12  0.2 g) and soft tissues (25.75  1.4 mg) weights were similar between treatments (p > 0.05; Table 3 ). In contrast, significant differences between treatments were observed (p < 0.05) for shell width, ranging from 21.26  0.9 mm in subtidal coarse sands to 26.21  1.3 mm in Zostera marina habitat (Table 3) . During the experimental period, the mean daily shell growth rate was equal to 0.24  0.01 mm day -1 and was the same for all habitats. By contrast, the condition index was significantly higher in subtidal coarse sands (2.98  0.5) than in Z. marina beds (1.94  0.1) (Table 3) . (Table 4) .
Subsequent SIMPER analysis revealed that 25 FAs contributed to 90% of the dissimilarities within and between FAs profiles of the groups (Table 4) .
Total FAs concentration in the digestive gland ranged from 19.5  0.1 to 32.5  0.1 mg.g -1 dry weight in maerl and slipper-limpet beds, respectively (Table 4) . Also, total FA concentration differed significantly between juveniles settled in both maerl beds and subtidal coarse sands from Crepidula fornicata areas (p < 0.05). In Lanice and Zostera habitats concentration were of intermediate range (Table 4 ). The PERMANOVA analysis performed on the concentrations of 25 FAs (Table 4) (Table 4) . Total SFA, MUFA, PUFA were significantly higher in C. fornicata than in maerl beds, and total BFA was also higher in area colonized by the slipper-limpet than in the other habitats (Table 4) . Table 4 Concentration (mg g -1  SE) of fatty acids in digestive gland of Ostrea edulis juveniles after 2 months growth in five benthic habitats (n=12). Letters on column labels refers to benthic habitats: Subtidal coarse sands (SHS), L. conchilega beds (L), Z. marina beds (Z), Maerl beds (M), C. fornicata banks (C). Bold letters indicate significant differences (p ≤ 0.05) for one FA between benthic habitats 2-column fitting table 
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Assemblages of bivalve recruits at the end of the reproductive season
Bivalve recruit assemblages in 6 benthic habitats were investigated at the end of two succeeding reproductive seasons. During the period of this study, temporal variability in bivalve assemblages was not observed. This indicates that benthic habitats have a strong control on the bivalve recruitment in the absence of local perturbations such as localized
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pollution or storms, which strongly impact the structure of benthic communities at short Bivalve recruit assemblages from the Chausey benthic habitats can be portrayed by the sediment grain-size composition, which explains at least 60% of the species composition.
This result is consistent with previous studies on the relationship between environmental factors and macrofauna community structure, which find average grain-size and particle size distribution to be the most important structuring factor for benthic invertebrates (Bloom et al.
1972; Sanders 1958). For example, juveniles of Glycymeris glycymeris, Paphia rhomboides, Timoclea ovata and Venus verrucosa recruit on G. glycymeris coarse sands assemblage, the natural habitat of the adults of such species (Godet et al. 2009; Trigui 2009). V. verrucosa
was only recorded in subtidal area whereas adults were present in intertidal area (Godet 2008) . This difference could be a result of secondary migration processes that did not occur at that sampling time, or to a non-adequate sampling effort in intertidal areas. Due to the lower recruit abundance in the intertidal area, more sediment cores may be required to have an accurate estimation of their abundance.
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Between habitats, differences in grain-size composition can be explained by structure, often created by engineer species/ecosystem engineers. Crepidula fornicata, Zostera marina, 
Growth performances and feeding status of Ostrea edulis juveniles
The flat oyster, Ostrea edulis, is a native European oyster and largely widespread along French coasts. This fast-growing bivalve (Laing et Millican 1986; Utting 1988 ) is able to colonize a large number of habitats in shallow coastal waters (Launey et al. 2002; McKenzie et al. 1997) , and was therefore selected as a model species to assess the role of benthic habitats on bivalve feeding related to recruitment success.
No clear evidence was found on differential growth performances between oysters implanted in the benthic habitats during this study, and no difference in shell growth and tissue weight was observed after two months of immersion. However, significant differences were observed in the CI, which represents a differential energy allocation between the shell and tissue growth. This observation suggests local variability in the feeding conditions encountered by oysters between habitats. The temperature and the quality and quantity of trophic resources are the main factors conditioning the Ostrea edulis growths (Berntsson et al 1997; Laing et Millican 1986; Nerot et al. 2012; Richardson et al. 1980; Utting 1988) . While a lack of growth differences could originate from use of plastic bags, this set up is similar to the one used by professional shellfish farmers, who have not detected growth limitation;
moreover, any potential impact should effect both sites in a similar manner. Consequently, the benthic habitats of Chausey seem to provide similar trophic environments. Our study clearly suggests that benthic habitats associated with ecosystem engineering species have a more important role in the bivalve juvenile survival than flat habitats.
Additional studies are needed to compare these results with other bivalve models and to test
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23 additional factors influencing early-stage recruit survival, such as the vulnerability of recruits to pathogens or inter-specific relationships within a highly fragmented habitat.
Conclusion
For the first time in megatidal temperate coastal waters, the nursery function of benthic habitats was studied in terms of bivalve population renewal, by investigating two steps of their recruitment cycle. Crepidula fornicata banks appear to be a favorable habitat for bivalve recruitment, with regards to the early-recruitment intensity (recruit abundance and diversity)
and the feeding quality (fatty acids contents of digestive gland) of juveniles. Amongst other habitats, each of them provides some advantages for benthic recruitment, namely sustaining more diversified and abundant assemblages or greater juveniles physiological quality.
Overall, the "reproductive and nursery area" habitat function is higher in the subtidal zone than in the intertidal zone. Habitats comprised of ecosystem engineers, who govern hydrodynamic properties, play a structural role in bivalve recruit assemblages and juvenile survival. However, more studies are needed to compare this function between different habitats and with other species models. Thus, to preserve the goods and services provided by bivalve populations, management perspectives must consider bivalve recruitment as an essential component of the "reproductive and nursery areas" function of benthic habitats.
Moreover, the influence of anthropogenic pressure and climate change in coastal zones is increasing, with cascading effects on the goods and services of related ecosystems (Barbier et al. 2008) . Additional studies are needed to determine the combined effects of these two stressors at different spatial scales. 7.50 ± 3.82 0 ± 0.00 2.08 ± 1.36 0 ± 0.00 13.08 ± 8.27 0 ± 0.00 Venus verrucosa 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 3.8 ± 2.43 0 ± 0.00 ) from each benthic habitats (n=6), compiled from the two sampling years. Letters on column labels refers to benthic habitats: Intertidal coarse sands (SHI), Subtidal coarse sands (SHS), L. conchilega beds (L), Z. marina beds (Z), Maerl beds (M), C. fornicata banks (C) 2-column fitting table Table A2 Relative contribution (%) of fatty acids in digestive gland of Ostrea edulis juveniles after 2 months growth in five benthic habitats (n=12). Letters on column labels refers to benthic habitats: Subtidal coarse sands (SHS), L. conchilega beds (L), Z. marina beds (Z), Maerl beds (M), C. fornicata banks (C); and Control refers to reared oysters after acclimation (n=10) 2-column fitting table 
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